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^Ci^^^^ " opinion Of the International Searching 

Filfng of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the Intematlonal Application (see Rule 461- 
When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
International Search Report; however, for more details, see the notes on the accSS^ny^heet 
Where? Directly to the International Bureau of WIPO. 34 chemin des Colombettes 

121 1 Geneva 20, Switzerland. Fascimile No.: (41 -22) 740.14.35 
For more detailed Instructions, see the notes on the accompanying sheet. 

l^Je^7l2^^J^t^^^^^^ international search report will be established and that the declaration under 

Article 1 7(2)(a) to that effect and the written opinion of the International Searching Authority are transmiSed herewith' 

With regard to the protest against payment of (an) additional fee(s) under Rule 40.2. the applicant is notified that: 

[_J no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 
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monthT' designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 1 9 
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INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19 

What parts of the international application may be amended? 

Under Article 1 9. only the claims may be amended. 

^Th"e^3ll:iwe"AS ST '^'^ international app.icat.or, may be amended under Article 28 



When? 



Where not to file the amendments? 



JSlrronlrietrc^g^^^^^^ «"<^ - ^ --ing Office or the 

Where a demand for intemationa. preUminary examination has been/is filed, see below. 



o!^Z'Z:^"!r^?c^^r^^Z'"''' ^'"^ - new Claims or by amending the text of 
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All the claims appearing on a replacement sheet must be numbered in Arabic numerak \A/h«r« a n^i^ 

The amendments must be made in the language In which the international application is to be published. 

What documents must/may accompany the amendments? 
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The amendments must be submitted with a letter. 
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This International Search Report consists of a total of 9 «:hMtc 1 
[x] It is also accompanied by a copy of each prior art document cited in this report. ( 



° tills ;XT^?S °" ""^'^ " international application furnished to 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. 1. 
Certain claims were found unsearchable (See Box II). 
Unity of Invention is lacking (see Box III). 



2. 
3. 
4. 



□ 



With regard to the title, 

□ 

the text Is approved as submitted by the applicant 
a the text has been established by this Authority to read as follows: 
6T FINFET CMOS SRAM CELL WITH AN INCREASED CELL RATIO 



5. With regard to the abstract, 

I I the text Is approved as submitted by the applicant 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. 4.5 
I I as suggested by the applicant. 

[x] as selected by this Authority, because the applicant failed to suggest a figure. 
□ as selected by this Authority, because this figure better characterizes the invention. 

b. Q none of the figures is to be published with the abstract. 
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[ Box No. IV Text of the abstract (Continuation of item 5 of the first sheet) 



The present invention is a CMOS SRAM cell comprising two access devices, each 
access device comprised of a tri-gate transistor (400) having a single fin 
(410); two pull-up devices, each pull-up device comprised of a tri-gate 
transistor (400) having a single fin (410); and two pull-down devices, each 
pull -down device comprised of a trigate transistor (500) having multiple fins 
(410) . A method for manufacturing the CMOS SRAM cell, including the dual fin 
tri-gate transistor is also provided. Due to the fins, the gate lenght is 
increased with respect to a planar transistor having the same area. Therefore, 
the cell ratio and static noise margin are increased, providing improved 
stability without increasing the cell area on the supply voltage. 
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Box II Observations where certain claims were found unsearchable (Continuation of Item 2 of first sheet) 



This International Search Report has not been established in respect of certain claims under Article 17(2)(a) tor the following reasons: 



I I Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful Intemational Search can be carried out, specifically: 



3. I I Claims Nos.: 

because they are dependent claims and are not drafted In accordance with the second and third sentences of Rule 6.4(a). 



Box ill Observations where unity of Invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventtons in this intemational application, as follows: 



see additional sheet 



rri As all required additional search fees were timely paid by the applicant, this Intemational Search Report covers all 
searchable claims 



2. Q As all searchable claims could be searched without effort justifying an additional fee. this Authority did not Invite payment 
Of any additional fee. 



3. rn As only some of the required additional search fees were timely paid by the applicant, this Intemational Search Report 
» — ' covers only those claims for which fees were paid, specifically claims f^os.: ^ 



4. Q No retired additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest 



I I The additional search fees were accompanied by the applicanf s protest. 
[Y] ^ protest accompanied the payment of additional search fees. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this International application, as follows: 

1. claims: 1-16 



an SRAM cell wherein some transistors have a single fin and 
the pull -down transistors have at least 2 fins 



2. claims: 17-33 



a method of forming a transistor having 2 fins using a 
sidewall image transfer method 
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6 March 2003 (2003-03-06) 

paragraphs '0003! - '0010!, '0015! - 

'0021!, '0080! - '0100!, '0106! - 

•0112!, '0145! - '0157!; figures 

1-21 , 33-36 



1-33 
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Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



•* Special categories of dted documents : 

A" document defining the general state of the art which Is not 
considered to t>e of particular relevance 

E' eartter document but published on or after the international 
filing date 

L' document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document refening to an oraJ disclosure, use. exhibition or 
other means 

P" document published prior to the International filing date but 
later than the priority date clain»d 



'T* later document published after the international filing dale 
or priority date and not in conflict with the application but 
cited to understand the prindpte or theoiy underiying the 
invention 

'X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

'Y* document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

•a' document member of the same patent famify 
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A 



X 
Y 
A 



LUDWIG T ET AL: "FinFET technology for 
future microprocessors" 
2003 IEEE INTERNATIONAL SOI CONFERENCE 
PROCEEDINGS. NEWPORT BEACH, CA. SEPT. 29 
OCT. 2, 2003, IEEE INTERNATIONAL SOI 
CONFERENCE, NEW YORK, NY : IEEE, US, 
29 September 2003 (2003-09-29), pages 
33-34, XP010665921 
ISBN: 0-7803-7815-6 
the whole document 



US 6 413 802 Bl (HU CHENMING ET AL) 
2 July 2002 (2002-07-02) 
column 3, line 3 - column 5, line 40; 
figures 1-5 



US 2003/102518 Al (FRIED DAVID M ET AL) 
5 June 2003 (2003-06-05) 
paragraphs '0001! - 'OOIO! 
abstract 

US 5 814 895 A (HIRAYAMA ET AL) 
29 September 1998 (1998-09-29) 
abstract 

column 1, line 1 - column 2, line 24 

US 5 821 629 A (WEN ET AL) 
13 October 1998 (1998-10-13) 
abstract 
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US 2003/067017 Al (IE0N6 MEIKEI ET AL) 
10 April 2003 (2003-04-10) 

paragraphs '0031! - *0058!; figures 1-15 



US 4 996 574 A (SHIRASAKI ET AL) 
26 February 1991 (1991-02-26) 
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figures 4-9 

US 5 391 506 A (TADA ET AL) 
21 February 1995 (1995-02-21) 
figure 7 
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IEEE CUSTOM INTEGRATED CIRCUITS 
CONFERENCE. CICC, NEW YORK, NY : IEEE, US. 
vol. CONF. 25, 
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JONES E C: "Doping challenges in 
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PROCEEDINGS OF THE 14TH INTERNATIONAL 
CONFERENCE ON 22-27 SEPT. 2002, 
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XP010676953 

ISBN: 0-7803-7155-0 
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International Patent Classification (IPC) or l»th national classification and IPC 
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Box No. II 
Box No. Ill 
Box No. IV 
Box No. V 

Box No. VI 
Box No. VII 
Box No. VIII 



Basis of the opinion 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Rule 436/S.1 (a)(1) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

Certain documents cited 

Certain defects In the international application 

Certain observations on the International application 



FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will usually be considered to be a 
written opinion of the International Preliminary Examining Authority ("IPEA"). However, this does not apply where 
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the 
Internatoonal Bureau under Rule 66.16/s(b) that written opinions of this International Searching Authority 
will not be so considered. ' 

If this opinion is as provided above, considered to be a written opinion of the IPEA. the applicant is Invited to 
submrt to the IPEA a written reply together, where appropriate, with amendments, before the expiration of three 
months from the date of mailing of Form PCT/1SA^20 or before the expiration of 22 months from the priority date 
whichever expires later. ^ ^ «cxi«. 

For further options, see Form PCT>1SA220. 

For further details, see notes to Form PCT>1SA/220. 
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European Patent Office 
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Box No. t Basis Off the opinion 

1 With regard to the language, this opinion has been established on the basis of the international application in 
the language in which it was filed, unless otherwise indicated under this item. 

□ This opinion has been established on the basis of a translation from the original language into the followin 
language , which is the language of a translation furnished for the purposes of international search 
(under Rules 12.3 and 23.1(b)). 

2. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and 
necessary to the claimed invention, this opinion has been established on the basis of: 

a. type of material: 

□ a sequence listing 

□ table(s) related to the sequence listing 

b. format of material: 

□ in written format 

□ in computer readable form 

c. time of filingyfumishing: 

□ contained in the international application as filed. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority for the purposes of search. 

3. □ In addition, in the case that more than one version or copy of a sequence listing andbr table relating theret 

has been filed or furnished, the required statements that the information in the subsequent or additional 
copies is identical to that In the application as filed or does not go beyond the application as filed, as 
appropriate, were furnished. 

4. Additional comments: 
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Box No. IV Lack of unity of invention 

1 . a In response to the invitation (Form PCT>1SA/206) to pay additional fees, the applicant has: 

^ paid additional fees. 

□ paid additional fees under protest. 

□ not paid additional fees. 

2. □ This Authority found that the requirement of unity of invention is not complied with and chose not to invite 

the applicant to pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13.3 

□ complied with 

S not complied with for the following reasons: 
see separate sheet 

4. Consequently, this report has been established in respect of the following parts of the international application: 
S all parts. 

□ the parts relating to claims Nos. 

Box No. V Reasoned statement under Rule 43fr/s.1(a)(i) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 



1. Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



1-33 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



1-33 



Industrial applicability (lA) 



Yes: 
No: 



Claims 
Claims 



1-33 



2. Citations and explanations 



see sepiarate sheet 



Form PCTilSA/ 237 (January 2004) 



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 



International application No. 
PCT/US2004/032442 



Re Item lY 

1 . This Authority considers that there are 2 inventions covered by the claims indicated 
as follows: 

I: Claims 1-16 directed to an SRAM cell wherein some transistors have a single fin 
and the pull-down transistors have at least 2 fins. 

II: Claims 1 7-33 directed to a method of forming a transistor having 2 fins using a 
sidewall image transfer method. 

2. The reasons for which the inventions are not so linked as to form a single general 
inventive concept, as required by Rule 13.1 PCT, are as follows: 

The common feature of the above two sets of claims is an SRAM cell transistor 
having two fins. Such a transistor is known from the document US-A-2003 042542 
(Cf. figs. 1-19 and paras. 80-100). The special technical feature of the first set of 
claims is therefore the presence of transistors having only a single fin in the same 
SRAM cell. The special technical feature of the second set of claims is the use of a 
sidewall image transfer method for producing the two-fin transistor. Therefore the two 
sets of claims do not have a special technical feature in common nor are they linked 
by a single general inventive concept. The above two sets of claims and the 
corresponding groups of inventions thus lack unity in the sense of Rules 13.1 and 
13.2 PCT. 
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1 . Reference is made to the following documents: 

D1 : US 2003/042542 A1 (MAEGAWA SHIGETO ET AL) 6 March 2003 (2003-03- 
06) 

D2; LUDWIG T ET AL: "FinFET technology for future microprocessors" 2003 IEEE 
INT'L SOI CONF. PROC. NEWPORT BEACH, OA, SEPT.29 - OCT.2. 2003, 
IEEE, US, 29 Sept. 2003 (2003-09-29). pp.33-34, XP01 0665921 ISBN: 0-7803- 
7815-6 

D3: US-B1 -6 41 3 802 (HU CHENMING ET AL) 2 July 2002 (2002-07-02) 

D4: US 2003/1 0251 8 A1 (FRIED DAVID M ET AL) 5 June 2003 (2003-06-05) 

D5: US-A-5 81 4 895 (HIRAYAMA ET AL) 29 September 1 998 (1 998-09-29) 

D6: US-A-5 821 629 (WEN ET AL) 1 3 October 1 998 (1 998-1 0-1 3) 

D7: US 2003/06701 7 A1 (lEONG MEIKEI ET AL) 1 0 April 2003 (2003-04-1 0) 

D8: US-A-4 996 574 (SHIRASAKI ET AL) 26 February 1 991 (1 991 -02-26) 

D9: US-A-5 391 506 (TADA ET AL) 21 February 1 995 (1995-02-21) 

D10: lEONG M ET AL: "Three dimensional CiVIOS devices and integrated circuits" 

PROC. IEEE 2003 CUSTOM INTEGRATED CIRCUITS CONF. (CICC 2003). 

SAN JOSE, CA, SEPT.21-24, 2003. IEEE, US. vol. CONF.25, 21 Sept. 2003 

(2003-09-21). pp.207-214, XP01 0671 206 ISBN: 0-7803-7842-3 
D1 1 : NOWAK E J ET AL: "Scaling beyond the 65 nm node with FinFET- 

DGCMOS" PROC. IEEE 2003 CUSTOM INTEGRATED CIRCUITS CONF. 

(CICC 2003). SAN JOSE. CA. SEPT.21-24. 2003, IEEE. US, vol. CONF.25. 

21 Sept.2003 (2003-09-21). pp.339-342. XP01 0671 230 ISBN:0-7803-7842-3 
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2. The application does not meet the requirements of Articles 33(1 ) and 33(3) PCT 
(inventive step). 

2.1 D2 is regarded as being the closest prior art and discloses FinFETs that are 
"promising candidates" (cf. para "Introduction") for ever-decreasing device sizes. 
These FinFETs are produced having an even number of fins (see figs. 1-2, para. 
"Technology", and FinFET processing level "FN" in fig.3 and para. "i\/lethodology") 
using a sidewall image transfer method. The number of fins can be trimmed (see 
FinFET processing level "TR" in fig.3 and para. "Methodology"). 

2.2 In the para. "SRAM Issues" and the corresponding fig.5, D2 discloses a 6T SRAM 
cell comprising 2 FinFETs having each 3 fins and 4 FinFETs having each 1 fin, as is 
clear to the skilled reader upon considering the FN and TR levels of the rhs part of 
fig.5 that are involved in the manufacture of the SRAM cell shown in the Ihs part of 
flg.5. 

2.3 In the paras. "SRAM Issues", "Design Flow", and "Conclusions" as well as in fig.7, D2 
discloses that one important issue is the "proper fin quantization" (cf. 1.1 in the rhs 
column of p.33), i.e. the evaluation of the appropriate number of FinFET fins that are 
needed in order to obtain circuits having optimised parameters such as beta ratio, cell 
stability, noise (cf. para. "SRAM Issues"), and self-heating (cf. para. "Conclusions"). 
D2 also discloses that the results presented in that publication are merely there in 
order to prove the functionality of the design" (cf. para. "Conclusions") and that 
performance optimisation requires further evaluation (cf. last sentence on p.33) 
including the device width (i.e. fin) quantisation (cf. fig.7). 

2.4 D2 therefore provides the skilled person with an incentive to manufacture devices 
such as 6T SRAM cells using FinFET technology. The skilled person also knows that 
the number of fins for the transistors is the important parameter that needs to be 
evaluated in order to optimise device performance. 

2.5 The skilled person would therefore carry out routine calculations and experiments in 
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order to produce SRAM cells having FinFETs with an optimised number of fins. 

The number of fins that is part of the subject-matter for which protection is sought in 
independent claims 1 and 16 does not provide any surprising technical effect (since 
D2 explicitly discloses that the beta ratio and cell stability need to be considered) and 
is therefore the result of routine experimentation but not the outcome of any inventive 
activity. 

2.6 The subject-matter of independent claims 1 and 16 is therefore not inventive over a 
combination of D1 with the skilled person's routine procedure. 

3. The same reasoning applies, mutatis mutandis, to the subject-matter of the 
corresponding independent claims 4 and 1 3, which therefore are also considered not 
to be inventive in the sense of Article 33 PCT. 

4. The dependent claims do not contain any features that, in combination with the 
features of any claim to which they refer, meet the requirements of Article 33 PCT in 
respect of novelty and inventive step, see the documents D1 -D14 and the 
corresponding passages cited in the search report. 

In particular, it is pointed out that the dimensions featured in claims 3, 6-8, and 15 are 
very close to the ones disclosed in D2, D10 (fig.2), D11 (fig.7), D12 (para. V), D13 (cf. 
1.7 of the para. "Results and Discussion"), in line with the general trend in the 
technical area to reduce the device dimensions as much as possible, and as such do 
not provide any additional or surprising effect. 

5. The application does not meet the requirements of Article 6 PCT (clarity). 

5.1 Although claims 1 , 4, and 1 3 have been drafted as separate independent claims, they 
appear to relate effectively to the same subject-matter and to differ from each other 
only with regard to the definition of the subject-matter for which protection is sought. 
Therefore the claims are not concise and do not meet the requirements of Article 6 
PCT. 
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5.2 The feature "supply voltage" In the apparatus claims 4 and 1 2 relates to a method of 
using the apparatus rather than clearly defining the apparatus in terms of its technical 
features. The intended limitations are therefore not clear from these claims, contrary 
to the requirements of Article 6 PCT. 
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B. Second group of claims (claims 1 7-33) 

6. The application does not meet the requirements of Articles 33(1 ) and 33(3) PCT 
(inventive step). 

6.1 D7 (cf. paras.36-49 and 53 and figs. 1 -1 1 ) is regarded as being the closest prior art 
and discloses a method of forming a semiconductor device comprising the steps of : 

- forming a silicon film 202 on a substrate 200, 

- forming a sacrificial block 212 having laterally opposite sidewalls (para.37), 

- depositing an insulating layer (SIN in para.37) over said layers 212 and 202, 

- forming insulating spacers 214 on said sidewalls (paras.37-41), 

- removing the sacrificial block 212 (figs.6-8 and related text, in particular para.46. 
first sentence), 

- forming two silicon fins by etching through said silicon film 202 using said spacers 
214 as a mask, wherein each fin has a top surface and a pair of laterally opposite 
sidewalls; 

- removing said spacers 214. 

6.2 The difference between the disclosure of D7 and the subject-matter of claim 1 7 lies In 
that: 

- D7 does not explicitly disclose that an anisotropic etch is used to form the spacers 
214; this type of etch, however, is routinely used in the art; 

- the silicon layer 202 of D7 is not etched "to the substrate" as stated in 1.9 of claim 
17, which is a consequence of D7 disclosing an SOI device; no inventive merit can 
however by attributed to claim 1 7 because the skilled person knows that silicon films 
formed directly on a substrate are merely an alternative to SOI devices (cf. para.33) 
and are routinely chosen as a function of the device to be built; furthermore, D7 
discloses the essential feature of the present application, viz. the formation of a 
silicon fin by means of the sidewall image transfer method; 

- the last method step of D7 mentioned in item 6.1 above does not expose the top 
surface of each silicon fin; this difference between D7 and claim 17 is due to the fact 
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that the fins of D7 are covered by an ONO laminate; this ONO layer of D7 serves as 
a gate dielectric layer between the silicon fins 202 and the poly-silicon layer 230 that 
is deposited later on in the process according to D7; since the method according to 
the present application also involves the formation of a gate dielectric on the top 
surface of said silicon fins (cf. claim 27), both methods lead to the formation of the 
same device and differ merely in the sequence in which the steps are carried out; 
therefore no inventive activity is seen in claim 17; it is pointed out that claim 17 only 
claims several method steps but does not claim the order in which the steps are 
carried out. 

6.3 The subject-matter of independent claim 1 7 is therefore not inventive over a 
combination of D7 with the routine knowledge of the sl^illed person. 

7. The dependent claims do not contain any features that, in combination with the 
features of any claim to which they refer, meet the requirements of Article 33 PCT in 
respect of novelty and inventive step, see the documents D1-D14 and the 
corresponding passages cited in the search report. 

In particular, it is pointed out that the dimensions featured in claims 20-21 and 24-26 
are very close to the ones disclosed in D2, D10 (fig.2), D1 1 (fig.7), D12 (para. V), 
D13 (cf. 1.7 of the para. "Results and Discussion"), in line with the general trend in the 
technical area to reduce the device dimensions as much as possible, and as such do 
not provide any additional or surprising effect. 

8. The application does not meet the requirements of Article 6 PCT (clarity). 

In claim 17 on p. 19 in 11.14-15, it is not clear what is meant by "laterally opposite 
sidewalls of the nitride block", because the "nitride block" has not been defined 
before. 
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